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1 Introduction
$\Omega\subset R^{n}$ $\partial\Omega$ . 3 $u=\mathrm{u}(x, t),$ $v=v(x, t),$ $w=$





in $\Omega \mathrm{x}(0.\infty)$ ,
.
$(B\cdot C)$ $\frac{\partial \mathrm{u}}{\partial n}=\frac{\partial v}{\partial \mathrm{n}}=\frac{\partial w}{\partial \mathfrak{n}}=0$ on $\partial\Omega \mathrm{x}(0,\infty)$ .
. $\triangle=\sum_{i=^{\iota^{\partial/:}}}^{\hslash}\cdot 2\partial X^{2}$ Laplacian, $\partial/\partial n$ \Omega . .
.
(A.1) dl, d2( )t, b, $\mathrm{c}$ , \beta , \mbox{\boldmath $\gamma$}
(P) . . (P) , Lotka-
Volterra , .
$u$ : \Omega ,
$v:u$ ,
$w$:v .
. $v$ , w
. $v$ . . $w$
. . $u[\mathrm{h}$ . ( ) .
.
$u$ : , $v$ : $w$ :
(P) $(\mathrm{B}.\mathrm{C}.)$ (1.C) .
(I $.C$ ) $u(\cdot, 0)=\dot{\mathrm{u}}_{0}\geq 0,$ $v(\cdot,0)=v_{0}\geq\dot{0},$ $w(\cdot,0)=\mathrm{u}4\geq 0$ , in $\Omega$ .
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, $u_{0},$ $v_{0},$ $w_{0}\in C(\Omega)$ ,
$[\mathrm{Y}^{r}])[\mathrm{H}],$ $[\mathrm{S}]$ .
$0 \leq u(\cdot, i)\leq\max\{||u_{0}||_{\infty}, a\}=:m_{1\}}$
$0 \leq v(\cdot, 1)\leq\max..\{||v_{0}||_{\infty}, bm_{1}/\beta\}=:m_{2}$ ,
$0 \leq w(\cdot\}1)\leq\max\{||w_{0}||_{\infty}, Cm_{2}/\gamma\}=:m_{3}$
. $tarrow\infty$ , i), ii), iii) .
i) ${}^{t}(u, v, w)= \frac{a}{bc+\beta\gamma}{}^{\mathrm{t}}(\beta\gamma, b\gamma, bc)$ ,
ii) (Hopf ) ,
iii) Hopf .
. i) Theorem 1, ii) Theorem 2, iii) Theorem 3 Theorem 4
$\langle$ . i) , ii), iii) Crandall &Rabinowitz [CR]












$du_{1}/dt=d_{1}\triangle u_{1}+u_{1}(\alpha_{1}-\beta_{1}u_{1}-\gamma_{1}u_{2}-\delta_{1}\mathrm{u}_{3})$ in $\Omega\cross(0, \infty)$ ,
$du_{2}/dt=d_{2}\triangle u_{2}+u_{2}(\alpha_{2}-\beta_{2}u_{1} -\gamma_{2}u_{2}-\delta_{2}u_{3})$ in $\Omega \mathrm{x}(0, \infty)$ ,
$du_{3}/dt=d_{3}\triangle u_{3}+u_{3}(-s+\vee\iota^{u_{1}}\sigma+\epsilon_{2}u_{2^{-}}\mathcal{E}_{3}u_{3})$ in $\Omega\cross(0, \infty)$ ,
$\partial u/\partial n=\partial v/\partial n=\partial w/\partial n=0$ on $\partial\Omega\cross(0, \infty)$ ,
, $d_{i}(i=1,2,3),$ $\alpha_{i,\beta_{\mathrm{i}},\delta}\gamma_{i},|.,$ $\epsilon i(i=1,2),$ $s$ , $\epsilon_{3}\geq 0$ .
, G.Caristi $-\mathrm{K}.\mathrm{P}$.Rybakowski –T.Wessolek , Hopf ,
[CRW]. , , .
2
(P) , 2 ;
$a)^{\iota}(\mathrm{o}, \mathrm{o}, 0)$ ,
$b)^{\mathrm{t}}(u^{*}, v’, w.)= \frac{a}{bc+\beta\gamma}{}^{\mathrm{t}}(\beta\gamma, b\gamma, bc)$.
2 . – , . $X$ Banach space
, $||\cdot||$ . $A$ $X$ Henry[H] sectorial linear
oparater . , $-A$ analy $\mathrm{t}\mathrm{i}\mathrm{c}$ semmngroup $\{e^{-\mathrm{t}A}\}_{\mathrm{t}\geq 0}$ [H]. $A$
$A^{\alpha}$ , Banach $X^{\alpha}$ $\lambda^{\prime\alpha}=D(A^{\alpha})$ . $X^{\alpha}$ $||\cdot||_{\alpha}$ ,
$||x||_{\alpha}=||A^{\alpha}x||+||x||$ for $x\in X^{\alpha}$
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. U $x_{0}\in X$ $X^{\alpha}$ , f $U$ $X$ .
(2.1) $\frac{dx}{d\}+Ax=f(x)$ , $t>0$ .
$x(t)\equiv x_{0}$ (equilibrium solution), , $x0\in D(A)$ $Ax0=f(X_{0})$ .
.
Definition 1( ) (i) $x_{0}$ $X^{\alpha}$ (stable in $X^{\alpha}$ ) , $\epsilon>0$ ,
$\delta>0$ : $||\xi-x_{0}||_{\alpha}<\delta$ $\xi\in X^{\alpha}$ (2.1)
$\text{ }$ $x(t;\epsilon)$ $[0, \infty)$ , $||X(t)-x0||_{\alpha}<\mathcal{E}$ $t\geq 0$ .
(ii) $x0$ $X^{\alpha}$ , $x_{0}$ (unstable in $X^{\alpha}$ ) .
(iii) $x_{0}$ $X^{\alpha}$ (asymptotically stable) . (i) , , $||\xi-x0||_{\alpha}<\delta$
$\xi$ :
$x(t;\epsilon)-X_{0}arrow 0$ as $tarrow\infty$ in $X^{\alpha}$ .
a), b) . $P> \frac{n}{4}$ . Banach $X=(L^{p}(\Omega))^{\mathit{3}-\text{ }}$ .
$A$
$Au:=-\triangle u$
$D(A)=$ { $u \in W^{2,\rho},\cdot\frac{\partial_{14}}{\partial n}=0$ on $\partial\Omega$ },
. ,
(2.2) $\overline{4}..p<\alpha<1$
$\alpha$ . (2.2) , $D(A^{\alpha})\subset L^{\sim \mathrm{P}}’(\Omega)$ . Proposition 1 Theorem 1
, $\{D(A^{\alpha})\}3$ . $(0,0, \mathrm{o})$ .
Proposition 1 ${}^{t}(0,0, \mathrm{o})$ .
, ${}^{t}(u^{*}, v^{X\mathrm{r}}, w)$ . , $\beta_{1}\gamma$ , $a,$ $bc$ parameter
. a–bc $\Gamma$ , :
$\mathrm{r}$ : $f(a, b_{C)\equiv\beta(\beta+\gamma)(\beta}\gamma a^{2}+\gamma+bC)\mathrm{t}(\beta+\gamma)^{2}-bC\}a+(\beta+\gamma)(\beta\gamma+bc)^{2}=0$.
$\Gamma$ I II ( 1).
Theorem 1 (Stability of Stationary Solution)
(i) $(a, bc)$ ( ) . ${}^{t}(u, v^{1}, w’\wedge)$ (asymptotically stable)
.
(ii) $(a, bc)$ II , ${}^{t}(u^{\mathrm{s}\prime \mathrm{z}}, \iota),$$w)$ (unstable) .
Theorem 1 , $bc$ , $a$ parameter . figure 1 , $bc=k(k$.
$k>(\beta+\gamma)(ffi+\sqrt{\gamma})^{2}$ ) $\Gamma$ a- $a_{0}^{-}$ , a . ,
$\beta_{:}\gamma,$ $b,$ $\mathrm{c}$ fix , $a$ $u^{*}(= \frac{a\beta\gamma}{bc+\beta\gamma})$ parameter
. , $u^{*}$ parameter , parameter $\lambda$ .
, . . $\lambda_{0}^{\pm}=\frac{a_{0}^{\pm}\beta\gamma}{bc+\beta\gamma}$ , \mbox{\boldmath $\lambda$} $\lambda_{0}^{-}$







$U_{t}=\triangle U-(U+\lambda)(U+W)$ in $\Omega\cross(0, \infty))$
$V_{\mathrm{t}}=d_{1}\triangle V+bU-\beta V$ in $\Omega\cross(0, \infty)$ ,
$VV_{\mathrm{t}}=d_{2}\triangle W+CV-\gamma W$ in $\Omega\cross(0, \infty)$ .
$(X=(U\mathrm{t}^{r}|=$




, $L_{0}$ Neumann $\mathrm{R}R\#\#(\mathrm{B}\mathrm{C})$ $\text{ }$ . (P. 1)
$(P.2)$ $\frac{d_{J}\backslash \prime}{dt}=L_{0}X+f(\lambda, x)$
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.
$\rho$ (P.2) $2\rho\pi$ , non-trivial .
, unknown $t=\rho\tau$ (P.2) .
$(P.3)$ $\frac{d\lambda’}{dl}=\rho(L_{0}x+f(\lambda, X))$ .
. , Theorem 1 (P) $L^{\rho}-$
, , X, $\mathrm{Y}$ .
$\mathrm{X}=$ { $u \in c_{2\pi}^{2+21,1l}+(\Omega);\frac{(u\prime}{\partial n},=0$ on $\partial\Omega\cross(0,$ $\infty)$ }, $\mathrm{Y}=C_{2\pi}^{21}’{}^{t}(\Omega),$ $0<\mathit{1}<1/^{c}\sim)$ .
$L^{\rho}-\mathrm{f}\mathrm{r}\mathrm{a}\mathrm{m}\mathrm{e}\mathrm{W}\mathrm{o}\mathrm{r}\mathrm{k}$ , Hopf , ,
, X, $\mathrm{Y}$
(P.3) \searrow . ,
$(P.4)$ $F( \lambda, \rho, X)\equiv\frac{d\lambda’}{dt}-\rho(L0X+f(\lambda, X))$ .
$F$ . $F$ , $R\cross R\mathrm{x}\mathrm{X}^{\mathit{3}}$ $\mathrm{Y}^{3}$ .
Lemma 21 (P.4) , ,
(2.3) $\frac{dX}{d\tau}-\rho\{+\mathrm{I}^{X}=0\}$
, $\rho=\rho \mathrm{o}(\equiv 1/\sqrt{(\beta+\gamma)\lambda_{0}+\beta\gamma})$ , $\lambda=\lambda_{0}$ , non-trivial $2\pi$ .
$\mathrm{L},$
$\mathrm{L}^{*}$ , $\mathrm{X}^{\mathit{3}}$ $\mathrm{Y}^{3}$ , .
(2.4) $\mathrm{L}=\frac{d}{d\tau}-\rho_{0}L0$ , $\mathrm{L}^{*}=-\frac{d}{d\tau}-\rho_{0}L^{*}0$ ’
,
$L_{0}^{*}=(\triangle 0$ $d_{1}\triangle 0$ $00$ $|+(-\lambda_{0}0$ $-\beta b$ $0c$ $|$
.
$0$ $0$ $d_{2}\triangle/$ $\backslash -\lambda_{0}$ $0$ $-\gamma$
Neumann \triangle $\phi_{0}=1/\vee^{\mathrm{J}.1}$ .
Lemma 22 (i) $\mathrm{k}\mathrm{e}\mathrm{r}\mathrm{L}=$ span $\{X_{0}, X_{1}\}$ . ,
$X_{0}={\rm Re}\Phi(\tau)_{:}X_{1}={\rm Im}\Phi(\tau)$ .
$\Phi(\tau)=e^{:_{\mathcal{T}}}\phi_{0}$ .
(ii) $\mathrm{k}\mathrm{e}\mathrm{r}\mathrm{L}=$ span $\{\overline{X}_{0},\overline{\lambda’}_{1}\}$ . ,






(2.5) $<f,$ $g>= \frac{1}{2\pi}\int_{\Omega}\int^{\sim^{\pi}}0’ f(, g)d_{\mathcal{T}}dX$
. , $(\cdot, \cdot)$ $R^{3}$ . $\mathrm{Z}=(\mathrm{k}\mathrm{e}\mathrm{r}\mathrm{L})1$ , $\mathrm{X}^{3}$
.
$\mathrm{X}^{3}=\mathrm{k}\mathrm{e}\mathrm{r}\mathrm{L}\oplus \mathrm{Z}$
$h\in \mathrm{X}^{3}$ , $\alpha,$ $\beta\in R$ , $z\in Z$ ,
$h=\alpha X_{0}+\beta X1+z$
. $<h,\overline{X}_{0}>,$ $<h,\overline{X}_{1}>$ ,$=$,$\det$ ( $<<\prime \mathrm{Y}_{0},\overline{X}_{0}x_{0},\overline{X}_{1}>>$ $<X_{1_{1^{J}}0}\overline{\mathrm{Y}}<x_{\iota},\overline{X}\iota>>)\neq 0$,
, $(\alpha, \beta)$ . , $z=h-(\alpha X_{0}+\beta X_{1})$ , $z\in(\mathrm{k}\mathrm{e}\mathrm{r}\mathrm{L})^{\perp}$
.
Theorem 2 (Hopf )
$\eta$
$(\hat{\rho},\hat{\lambda},\hat{Z})\in C^{1}((-\eta, \eta)|R\cross R\cross \mathrm{Z})$ , $(\mathrm{i}),(\mathrm{i}\mathrm{i})$
;
(i) $F(\rho(\mathcal{E}), \lambda(\epsilon))X(\epsilon))=0$ for $|\epsilon|<\eta$ , ,
$X(\epsilon)$ $=$ $\epsilon(x_{0+}\dot{z}(\epsilon)),\hat{Z}\in Z$
$\rho(\epsilon)$ $=$ $\rho_{0}+\hat{\rho}(\epsilon)$ ,
$\lambda(\epsilon)$ $=$ $\lambda_{0}+\hat{\lambda}(C)$ ,
(ii) $\hat{Z}(0)=0,\hat{\rho}(0)=0,\hat{\lambda}(0)=0$ , and $\hat{\lambda}(\epsilon)\neq 0$ if $\epsilon\neq 0$ .
Theorem 2 , $\lambda=\lambda_{0}^{+},$ $\lambda_{0}^{-}$ , $X=0$
. (P) , ${}^{t}(u^{1\cdot\wedge}, v, w)$ $\mathit{0}=a\text{ }$
$a=a_{0}^{-}$ Hopf . ( 2 )
Theorem 2 Hopf . , . $X$
Banach . $X$ $B$ sectorial linear oparater . $g(t, x)$ , $R\cross X^{\alpha}$ $\prime \mathrm{Y}$
. $(t, x)\in R\cross X^{\alpha}$ , $g(t+p)x)=g(t, x)$
.
(2.6) $\frac{dx}{d\}+Bx=g(t, x)$ , $t>0$ ,




$\mathrm{t}_{i}’$ . $\circ"$ )
Definition 2 ( )
(i) $x_{\mathrm{P}}$ ($) $J\mathrm{Y}^{\alpha}$ ( orbitally stable) ,
$\Gamma=\{x_{\rho}(t), 0\leq t\leq p\}\subset^{\mathrm{x}^{\alpha}}$
. , $\Gamma$ $U(\subset X^{\alpha})$ $\Gamma$ $V(\subset X^{\alpha})$
, $x_{1}\in V$ , $x(t;x_{1})\in U$ for $\forall_{t}\geq 0$ .
(ii) $x_{p}(t)$ $X^{\alpha}$ ( orbitally asymptotically stable) , (i) ,
.
$dis(x(t, X\iota),$ $\mathrm{r})arrow 0$ as $tarrow\infty$ in $X^{\alpha}$ for $\forall_{x_{1}}\in V$ .
Theorem 3 Theorem 2 , $\rho^{\pm}(\epsilon)$ , $\lambda^{\pm}(\epsilon)$ ( , $\rho^{+}(\epsilon),$ $\lambda^{+}(\epsilon)$ (resp. $\rho^{-}(\epsilon),$ $\lambda^{-}(_{\vee}^{\tau})$ )
\mbox{\boldmath $\lambda$}0 (resp $\lambda_{0}^{-}$ ) ), $(\mathrm{i}),(\mathrm{i}\mathrm{i})$ .
(i) $\frac{d\rho^{\pm}}{d_{\mathcal{E}}}|_{e=0}=0$ , $\frac{d\lambda^{\pm}}{d_{\mathcal{E}}}|_{\epsilon=0^{=}}\mathrm{o}$ .
$d^{2}\lambda^{-}$
(ii) (a) $\exists_{k_{1}}$ 2 $bc<k_{1}$ $\overline{d\epsilon^{2}}|_{C=}0>0$ .
(b) $\exists_{k_{3}},\exists_{k_{4}}$ , $bc<k_{3}$ , $\frac{d^{\mathrm{o}}\sim\lambda^{+}}{d\epsilon^{2}}|_{e=0}<0$ . $bc>k_{4}$ , $\frac{d^{2}\lambda^{+}}{d\epsilon^{2}}|_{c=0}>0$ .
Remark 1 Theorem 3 , $(\mathrm{i}\mathrm{i})(\mathrm{a})$ $k_{1}<bc,$ $(\mathrm{i}\mathrm{i})(\mathrm{b})$ $k_{3}<bc<k_{4}$ , $\frac{d^{2}\lambda^{\pm}}{d\epsilon^{2}}|_{\epsilon=0}$
,
Theorem 3 $\mathrm{C}\mathrm{R}$ [CR] Theorem 4 .
Theorem 4 (i) $bc<k_{1}$ , $\lambda=\lambda_{0}^{-}$ H0pf .
(ii) $\lambda$ =\mbox{\boldmath $\lambda$} HoPf ,
(a) $bc<k_{3}$ , .
(b) $bc>k_{4}$ , .
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